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[0 0 0 1] 

[0 0 0 2] 

itipl#l (Erbium-doped Fiber Amplifier: EDFA) t^^^m^t•^tl^^ZJk^X. 

JC^oTVNSo ^LT, 3<^3^&*ti|i^$©S:frjmbT, m^^m^M. (Wavelength 
Division Multiplex : WDM) M^l^^'P^'^^i^M. (Time Division Muljipl 

ex: TDM) jl>f»:?^^®W^*'^iii?) e>tlT V^^o 
[0 0 0 3] 

i^ia:f^<z>TDMM:&^^ bT^ig $:^^?)Tv^^o 

[0 0 0 4] 
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bT> fSC#'<<Z):&M*^ii§g$tlTV^S (G.P.Agrawal, "Nonlinear Fib 
re Optics, 2ndED." , Academic Press, San Diego CA, U.S.A., 1995, charp.6 

[0 0 0 5] 

y7^A^m\<^X^J^)y7s(DBWit.m.'B^mM'r^-f3m (S.V.Chemikov, J.R.T 
aylor, P.V.Mamyshev and E.M.Dianov, Electron. Lett., 28, 931 (1992) 
) , 6^WLW.'Py 7 ^ f^h^Wii^my 7 J'^^myi^^ISm (A.V.ShipuUn, D.G.Fu 
rsa, E.A.Golovchenko and E.M.Dianov, Electron. Lett., 29, 1401(1993) S:# 

m > ^Wim^(D^t^^%'7 7>(A^mwim:^mm\^x^^%y7^^^^m.^^ 

MV>-5:?^^£ (S.V.Chemikov, J.R.Taylor and R.Kashyap, Electron. Lett., 30 
, 433(1994) $:#M) , jIS® 1 3 0 0 nm-^ n ^^tfe ^ T (Standard Telecomm 
unication Fiber: STF) ^155 Onm-\fUj^Wi'7 7 ^ (Dispersion Shifte 
d Fiber: DSF) t.^iimz.mmi^Xm^X^fc.mm'^WLmUy 7 ^ A (Gom-lik 
e Dispersion Profiled Fiber: CDPF) VNT/^;UXifii*^fcrn# (p s) 
iC^-em^^tlJt^/NVl/X^r^^^-frS:;^^ (S.V.Chemikov, J.R.Taylor and 
R.Kashyap, Electron. Lett., 29, 1788(1993)^, E.A.Swanson and S.R.Chinn, 
IEEE Photon. Technol. Lett., 7, 114(1995) ^ if $:#M) ^ <2> ^ ilTb"^ 

[0 0 0 6] 
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[0 0 0 7] 

^AjV^i)^ e> ® y -f Xfii?5S^^ ^ b T ii, ^ T -r ?:|fjffl b ^# 

BJ^yt^JV-Zf^^- (Nonliear Optical Loop Mirror: NOLM) , ^cfcU^^ 
tltmM-t^^1^Mi^M}V — ':f^^-' (Nonliear Amplified Loop Mirror: NA 
LM) ?:fflV^fe^^*^^?i;T^^o 

NO LM$:MV\^— N.J.Doranfe J: 0D.WoodlC J: ^ "Nonliear 
Optical Loop Mirror" (Optical Letters, vol.13, No.l, SS'-'SSM. 1988^1 

[0 0 0 8] 

Cl^-e, N.J.Dorane>{Ci:oTz5^tl7^NO LMi:^(OKr#MSiCoV^TJ^^T 
^(DNOMLli, 01 8T?^LfeJ:e)tC, 3feM-^||l )t:7 r-T 2 

, lb, 1 c, id^m:^. ^<Dot>. jK- h 1 a ^iA:^■t•S3fe>'^°;^X(DA;^^ 
3^ A° ;i/ X ® ffi i7^J?& $ ti T m 3j< - h o T V ^ -5 o 

[0 0 0 9] 

3^^-a-^i ©;J<- h 1 c ii^7r>r A;i/-y^2®-:&(Z)5§g«l$2 a t.mm 
jK- M dtt3t7T>f A;i/-:;^2<7)ffi:g'<Z)^^2 b tm^-^tix^^^o 

m-^mi tCj;oT, 4<- h 1 c:^^e>y67T-r A;i/->^2{CA;^7LT|gIl 8T'^U 
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[0 0 10] 

TjJ<- h 1 b*^e>miJ$tl, '®^M®>-rXfig4>li)t7T-rA';i/-:;/'2T'jgM$ 

[0011] 

*fe> — lae^^N A LM{CMLTli, M.FernannPj^CcfcS "Nonliear Optical 
Loop Mirror" (Optical Letters, vol.15, No. 13, 752~754M. 1990^7M) IC 

Zl^NALMli. m 1 9 -e:^L^ J; e) HI 1 8 ® N O LM(D3fe7 T /''^Vb- 
Zf 2<D—t^iZ. E D F A4 $:@Babfe%(D-efeSc ZKDNALMtt, NOLMIC 

[0 0 12] 

, [#g^ L J; e) i: S I 

tllCNO LM^NALMSrJffi^t-a-^Dit'SZliKCi: U >^ >r X^:$>*^^^^ < 
[0013] 
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[0014] 

7 T -r y ^ Jg^ig L T U , 
[0 0 15] 
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[001 6 ] 

-rsmi M c, ^3i:of^>'T-r>'i'fejiis&2(Z)fi&;^®5g^2 b urn 

m-t ^^2 0)^1--^^- h 1 d 5:fi^TV>S3tM^^l fdffH 
[0 0 17] 

tt> )^^-^^lT'2o®>'\';i/>?.^^^{C^^lIgi:ba : 1 - a Ir^^ill^ tl, -:&(Z)>'\VI/ 
1 (Z);b-^AK- h 1 c^^ej3^7T-f A;1/-^2 p^?: c w:^ folic -fejlL 
, i&:&(DJ-^J\/Xm.-^J,tm2<DJl-^^- h 1 d*^P>3t7T>rA;i/-^2|^S: c c 

[0 0 18] 

vm^^nx^^^^y7^Ajv-'-:r2iZ'D\^xmm-^^o 

m2it. mio)^yy^^^}\^-'f2(DCDPF(Dm^^^-to ^i^miz^t. y 

T-rA-fe^*^> h 2 A, 2C, 2E, 2 GlitfffBbT^i 1 5 5 Onm^igc-lf n:$J'tS:-7 
T-f A (D S F) *>e>fig>;, v'T^f /'^-fe^*^ > h 2 B, 2D, 2 F, 2Httl^l:^ 
<t«fHbfc 1 3 0 Onm^^if D^^m7T>r A (SMF) T'?^^$ tlT V^S„ 
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[0 0 19] 

3';iT', 2flg(Z) l/-if3^S:mfc^*)ii:feM:Sl 5 5 0nmC)lf-N 

1 (^);i/-^/j<- h 1 c?b^?>0 2(OCDPFlCA:^;L/Tc w:&|nI(C^MLT 
\>^<m^^^^^o "tO^m^iZlt. :7T'<A-fe^*^ > h 2 A. 2C, 2E, 2G 
Sr^^-^SD S F|^T'^-rS#^i^?^^^^7y-f > h 2 B, 2 D, 2 F 

[0 0 2 0] 
[0 0 2 1] 

^(Dfcm. 3|S@(^:7r^/-?-fe^'^ > h 2 c-eii, ga&tS^ii (S PM) 

[0 0 2 2] 
T/^°;I/Xl|(|(DJE*i*^Jit^o 
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[0 0 2 3] 
[0 0 24] 

c w:3^[RiicMiaL/TII2(D;i/-^;j<- h 1 d{C!iijit-'5A;i/;^f!fe:8', ^yy^ A 
)\^--:f2^ c c w:6'i^ic^iiiLTlli (Z);i/-^;i<- h i c iC!!SM-rsA;i/::^^4> 

;b ® X ;i/ - ^SJ- frj ^ ® ic o V N T m re -r S o 
[0 0 2 5] 

mi <z);i/-yjK- hi c;^)^^? c w:5?iPi-e^:7T-r/'«;i/~>''2 ^mm-t^^ 

l^fIT' 3t 7 r >r - y 2 ^ M HI f -5 /^° ;i/ X ffi^l,-^^ tmm^mmt & * ccw 

^yttt'^^i-f^^mm&mt/y hit. 

[0 0 2 6] 

mi] . 

8 

<f>cw=yri I icwiLi (1) 
[0 0 2 7] 
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(f>ccw=yriIiccwiLi - (2) 
[0 0 2 8] 

•fei/^ > h<Z):R3 &^t-o rr-e, r i= 2 TT. ng/Aeff • A, (ngC^N^l 
mmiSfm. Aeff : ^ : m^) T'fe^o ) 

[0 0 2 9] 

^ (1) il^S;: (2) S:*fit-t<5il> #7T>r/'«-l2^^> h^® 2o®yN°;i/X^ 
:0'C^))fe§S;S (Icwi, Iccwi) liM^Sfe«b, 2o®>'^;i/X^^*^CDPF|^-e 

-So 

2(Z);i/->^7K-- M d iiHi h i c ic^ti^tislfjgLr^M-^^ i 

hT'fe-g>;i/-^^- h 1 c ^ hid izi3i-^^mijmmt.(Dmmt 

JEL/fe^- F^-^:*r^^'eB^*l<5 (P.Franco, M.Mldrio, A.Tozzato, M.Romag 
nol and F.Fontana, "Characterization and optimization criteria for filt 
erless erbium-doped fiber lasers" , J. Opt. Soc. Am. B 11, No. 6, 1090(199 
4), C.R.Giles and Di.Giovanni, "Spectral Dependence of Gain and 

Noise in erbium-doped Fiber Amplifier" ,IEEE Photon. Tech. Lett., 2, No.l 

1, 797(1990) o 
[0 0 3 0] 

l^tctf^^X. ^^-^#11 ^C^V^T> A;^73K- M a*^e>Ai7L;t3^A•;^;^.*v^° 
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[0 0 3 1] 

Ejj= i (1 - a) . - (4) 

[0 0 3 2] 

E a • E jj,exp ( i ^ cw) - ( 5 ) 

E ^ j= i ( 1 - a ) . E .^exp ( i ^ ccw) - ( 6 ) 

[0 0 3 3] 

^ out^ ' ^out ' ^ 

= |Eij,|^[l-2a (1-a) {l+cos(0 ccw- <^. cw)} ] 

= Ij„[l-2a (1-a) {1 +COS ( 0 ccw- <^cw)} ] - ( 7 ) 
[0 0 3 4] 

= ^ccw-*cw) i:<7)M#$:, ^M-a-^ 1 <^^H^it (a) $:^^b$it;t#-^iCo 

1 1 ffiSiE# 2002-3099875 
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[0035] . 
(0ccw-^cw) ffi'tffeS^fHL^ A * tt^ (1) il^ (2) -e^^StlTVNS 

-M ay\(D^jtjv:^<D^m (li) . ^^-^^ 1 ®^'-ii^i:b a . ^yr^J^Ji- 
:/2®#7T>r A-fei^^ > hCMVAS^t^T-f >''?(Z)e^i:«^ (Li) ^ifSrS 

[0 0 3 6] 

ytyy^ (cdpf) 2XJ^ji^m(Dmmf>^Mmi^x\^^^ tm 

m^lt. )^aVI/>5.58^I|Aq(Z)A:^J7}<- h 1 alC, 1114 J: -9 ^B^i 

ia+sMWiiigi5T'a^L7^«fce)tc;&^„ ■ 

[0 0 3 7 ] 
[0 0 3 8] 
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Z.(D^A}h X 16^^ A ^ tt, 316 >' T - ^ 2 (C 7 T A" > h 

2 BiLyy^A"^^:^ > h 2 C(Z)r^{C3titip|^ 5 $:igfibfc%(DT'feSc 

^titCMIIS h bTttM;tliED F A$:Mv^-5r i:*^T'^, Zl©^-^, 15 5.0 
nm^ (Z) 3^ ;b X ft ipa ^ tl ^ o 
[0039]. 

3t*t(li# 5 6 Tat b T^Urn iCiHS $ T V ^ <& 3fe 7 T -r - ^ 2 {C V ^ T 

c w^iRii: c c w^^injic-en-rn^ilt-ts A';i/>^^4^*^^t-tS#ill?^f4*Bi/ 
7 Mi> Iii2®^-a-^l«l^tc. ^ (1) ^fctt^ (2) -e^stie;^)'^, cw:&iBi 

(Icwg) tt:^#<;&y, ^fe, c c wTS-I^KC-feMb, %m^^ 

cci»2) ^zk^r^tUizfj:^. ^LT. r(Dm-^tcfeoT^> ^^^-^-tl 1 (om:tr5i<- 
hl b7()^e>(7)m;0«# (E^^^p li^ (7) T'^^^ti'So 

[0 0 4 0] 

) , ^^'T-r A-fe^*^ > h 2 A~2 H{CMVN-5.3t7T-f ACDa^i:^(D7T-f A 
[0 04 1] 
[0 0 4 2] 
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m 


4^mmyt^^^ (r) 


0.6 1 dB//km 
1 5 6 5 . 5 nm 
0.0 2 Gps/nm^/'km 
1 3. SW-^km"' 



[0 0 4 3] 

^y7>(A±^:^yh2A, 2C, 2E, 2 bTMVN^r ^IC J: t)> jIS® 

1^ 5: ^ ;^ ^ A -6 z: Tb'^T? ^ s o 

[0 0 4 4] 

■7T>rA;i'-y2^#:®:R$S:m<-t'5 3i:;b^T'^, ^(Z)Zii:lc<fc ij^m^t^^ 

t^m^^i. mzit^mm^^^mm^n%y7>(nxmmt^^inz^*). 

3t /\° ;i/ X ^^§1 A gTb^il^t $ ti -5 o 

[0 0 4 5] 

^•t^t^iz, Z'D(DJ-^)]yysWL^(Dmw^mis^mtjt^x\^^rci^. m;^j>K~hi 
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[0 0 4 6] 

A ~ 2 H, 3^*g-^^ 1 , * fc^ifipiti 5 o^T ^um^n^ yr-f at*^^ u t 

[0 0 4 7] 

[0 0 4 8] 

^ 7 c i: ^ifipg^ 7 d $ tl T V ^ S o 

[0 0 4 9] 

^(D%;'^)\^7.m^^A^X\t. m^-^^^m^ a, 7 b*^P>#g^^SM^^ 2 
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[0 0 5 0] 
[0 0 5 1] 

mint. )tA;b>^|§^#|A5lCfeV>T, !S^^I®3tM7*^M^oTV^S^?^ 

3tM^ii3^aS7 ^ A:f;3K- h 1 a(DmKytT^V U-^t 8;^)^:f^^$4^•Tv^sri: 
ii 3^ A ; 1/ X ^ ^ ^ A 5 ® ^ i: |Bl i:; T' ^ o 

[0 0 5 2] 
[0 0 5 3] 
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r 

[0 0 5 4] 

nmrn^mm-t^ztif^'^^^. mi 5T'^bfcr(Z))t>'N-;i/x#§^iiA5"-ett 

[0 0 5 5] 

tAi^. HI 3(7)3t/^;i/X|6^^A5"T'l±, 1 .^^ n^^Mxi^m.%vr>{ }^ 

7h, 7 j ii, 1 . 3 m^if ni3^^3^ >'T-r A' 7 i $:SB*L, 7 T 

-f y'-^' ;b - y 2 -fefll $ ti ^ Itf (c ;i/ jEil^m § [ ^ r -ti: S J; e> C 4^ o T V ^ ^ 

o 

[0 0 5 6] 

>h9A. 9 C J3 J:tJJSMFlCj;S3t37T^ A-fe^:* > h 9 B<D3 o<Z)-fey;jl > 
h7b^e>^-5CD P FT^^fi^$4^T^.^^o ^ T >r >^ 2 3 0(Z) 7 T 

/^iri^'pl > h 2 A. 2B, 2 C7^)>e>^^$tlTV^-5„ Z.Z.X%y 7 ^ A}\^-':r 2 
«2 Ai: 2 C<3D2o®i2^^^> h^'^SMF"??. 2 Bj{)^D S F VnS = 
[0 0 5 7] 

3(Z)3^7\°;i/^i§^fiAg"eii, nr^^^r^ 7 a , 7 b^^^#§^g-r 2 
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>h9A, SMF-fei7*^ > h 9 B. -eLTD S Fiz^'*;)l > h 9 A^lll^^#'li$: 
m-t^DS F-fey>> h 9 C(^|litC3gigb> A:fJJJ<- h 1 a JCA:d-rSo 
[0 0 5 8] 

9B, 9CT'«^$tlfcCDPF«it®7r-rA^7tli&$:^iif So bf- h^ii 
tl-'So :7y>fy^';V-y2i:^T'%;2 A^J:tK2CyO^SMF-efeU. -e^KlCDSF 

(2 3) 3^)^^ML.Tv^sc:i:7b^e>, Ell 3 ic^L:fej:e){c, ■e'n:9'ife^7T-r/N' 
7 h;b^^if D^fC3fe>'y>r/N'7 j ^ T'<Z)jgS"e^®-t -5 C D P F {C i: S A;i/XJE 

[0 0 5 9] 

;i/-:;^2|:^<o-fey^ V h(D^fcBSSi:^M't-5> J:e>ic, C D P F«5g©3t:7 T>r 

■fe^^> h 9 A, 9 Ci: SMF7T^7l-fe^>l > b9 B "TfilfigS tlS C D P F 
[0 0 6 0] 

EIl'5«. ^A-;i/X#§^^AglcJ3{-tS-lr^^^> h 9 C*^^ffi;d$tiA*3i<- 
Ni s.\zK±-t^n)\^7.m^^75^\^. HI 6«m:d5i<-hi b *^ Pj(Z)mij7N°;i/^ 
(Z)?t?^^^-to A:^A;i/::^i:ffiiJA°;i/;^®A°;i/Xi|ig$:itii'r<&i:> A;^A;i/;^T' 
1 . 3 6 9 p s T&ofe=b®75)^, m;f3A;bXlCj3VNTl±3 8 0 p s -e^y, 3 6 
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[0 0 6 1]- 

>h\A. 2B, 2 C<©)iK{CMIaI-rs (Ell 4 tCfev%T c wEIU (Z)MllI$:^f -3) 

n)\,7.iS^v r i^y Y 2 c*^e>ai;^;b,. ii2(Z);i/-y7K- h 1 ^\zK±-t 

r.ti^:7r>r A;l/-^7b^^(DA;l/xm:^JS:i:b^-r 
[0 0 6 2] 

CDtalC^gi-SCDPF$:^^-r-2>7T-f A-fey;*>hi:LT9 A, 9 B. 9 C 
h 9 A$:D S F(Z)7T>f >''?-fe^^ > h i: bfc^-a-, Air^^^ > h 9 B, 9 

1 ) D S F. SMF 
2) SMF„ D S F 

^fe, ^ T-r/t-fe^/:* > h(^»g?M>'^°^->^i, :7 r Aiz > h 9 A— 9 CO 

T-r Ai2^^ > h 9 A$:D S F®:7T-f Ai2^^^ > h i: \^f=.^^. yr^)^^^ 
^>h9B, 9C - • •9Ntt, TfH® J:e)3&lifl-^ii:il?5i'5o 

1) DSF, SMF, DSF, SMF, DSF 

2) DSF, SMF, DSF, SMF 

3) SMF, DSF, SMF, DSF 

4 ) SMF, DSF, SMF 
[0 0 6 3] 
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mi] 

[1212] 

yb/^)i7.^^^AQ<Ddftyr'^Ajv-':f (cdpf) za^mm^nm-t^f^i^ 

[04] 
[0 5] 
[06] 
[07] 

*l6^®S[I<^^/N°;i/;^l§^MA4^^t-#fi^0-e^^o 

[08] 
[09] 

[010] 
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[011] 
[012] 
[013] 
[014] 

*5§^®3ltcSrj(Z)3tA°;i.;^#6^#|MAgS:^-t«^0T'^So 
[015] 

[016] 

^/^•;l/::^>l8^^Ag/{)^e>m:^t-S)t/^;l/>^®eafflBg^S^?^0T'feSo 

[01 7] 

^/N°;b^l§^^Ag®3K- hid ;^)^^<o^A°;i/;^i:, ^r-f A-ty^ > h 2 c 
[018] 

P>nT V^S N O LM §:^t-^fife0-t?^€>o 

[019] 

t^^^f^M V N e> tlT V A S N A L M S: ^ -r ^^0 ^ S o 
[^#®^^] 
■ 1 :y6^n'^f§ 
la A;f7AK- h (Hi (DAffi;^3K- h) 
lb ffi;d>K- h (l|2®AmiJ3K~ h) 
1 c Hi h 

1 d ||2o;i/- >''3J<- h 

2 CD P FtC J: ^3^>'T-r A (^^r<f>''^^fKi2li?&) 
2A'-'2H :7r-r > h 

3 «Mn>hD-^ 

4, 5 EDFA (3fcit(@^) 

2 1 ailiE# 2002-3099875 
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6 ^^-y^i^^fe^T-TA 

7 mmmm^m 

7a, 7 b m^'^M^m 
7 c ytm^^ 
7 d ^mm^ 

7 e mm^m^ 

7 f 

7 g s^s^ii^MP^o^T-r V I/ - ^ 

7h, 7j 1 .5 5 /im^-^n^m^yr^fA 
7i 1 . 3 ;u m=^-g"ni3^i§:3t y'T-f A 

7 k, 7 1 

8 ^r-ryi^-^f 

9 CD P FfC j:S3fe>^T-r A'^^^ 
9 A, 9C D S F ^r^A-fe^*^ > h 
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